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Purpose: Using the Titmus stereo test to examine the association between hyperopic ametropia including
hyperopia, astigmatism, anisometropia, and stereoacuity in a school-aged population.
Methods: We measured cycloplegic autorefraction, best corrected monocular visual acuity and best
corrected stereoacuity in a population of 4- to 13-year-old school-aged children (Keelung, Taiwan) after
obtaining proper informed consent. Children with amblyopia (best-corrected visual acuity inferior to
20/25) or strabismus were excluded from the study. The effects of the severity of hyperopia, astigmatism,
and anisometropia on stereoacuity revealed by the Titmus stereo test were analyzed.
Results: One hundred and seventeen children (51 boys and 66 girls; mean age¼ 7.32 years, range¼ 4e13
years) with hyperopia were enrolled into the study. The mean spherical error was þ1.48 1.30 diopters
(D) (range¼þ0.25 to þ6.50D). The mean astigmatism was -1.22 1.04 D (range¼ 0 to -3.50 D). They
received the Titmus stereo test. A spherical error > þ3.00 D and spherical equivalent > þ3.00 D showed
a strong association with decreased stereoacuity in the Titmus stereo test (p¼ 0.000). The degree of
astigmatism or astigmatic anisometropia was not signiﬁcantly correlated with the stereopsis in the test.
Conclusion: The Titmus stereo test revealed a good quantiﬁcation of the stereoacuity. A spherical error
> þ3.00 D, and a spherical equivalent > þ3.00D were all associated with a signiﬁcantly reduced ster-
eoacuity in school-aged children.
Copyright  2011, The Ophthalmologic Society of Taiwan. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Stereopsis is a binocular sensation of relative depth1 that rea-
ches adult levels at approximately 5 years of age.2 Stereoacuity
inﬂuences the performance of ﬁne visuomotor actions and spatial
representation in preschool children. Hrisos et al. found that
reduced stereoacuity was associated with poor performance on
tasks assessing hand-eye coordination and visuomotor skills.3
Two types of stereopsis tests can be applied in analysis: contour
and random dot tests.4 The Titmus stereo test is one of the
commonly used contour tests. It assesses a range of disparities fromlogy, Chang Gung Memorial
g City, Taiwan.
n).
e Ophthalmologic Society of Taiwa3000 to 40 seconds of arc. The Titmus stereo test is useful in
quantifying the performance of stereopsis.
Normal development of the stereopsis is based on good binoc-
ular vision. If the visual acuity of both eyes reaches 20/25 or
better, the stereopsis would achieve an average of 43 seconds of
arc measured by the Titmus test.5 It is well known aniseikonia,
amblyopia, strabismus, nystagmus, aphakia, monovision or mono-
ﬁxation syndrome will impair the development of stereopsis.
Unilateral visual impairment is associated with reduced stereoa-
cuity.3 However, the association between refractive factors and
stereoacuity development has rarely been addressed. The purpose
of this study is to examine how hyperopia, astigmatism, anisome-
tropia, spherical anisometropia, and astigmatic anisometropia
affect the development of stereoacuity. We applied the Titmus
stereo test in a suburban community sample of 4 to 13 year-old
children in Taiwan.n. Published by Elsevier Taiwan LLC. All rights reserved.
Table 2
The distribution of the refractive error and the participants.
Group Number Median
Sphere (D)
þ0.25wþ1.50 76 þ0.63
þ1.75wþ3.00 27 þ2.13
> þ3.00 14 þ4.00
Spherical equivalent (D)
þ0.25wþ1.50 50 þ0.75
þ1.75wþ3.00 44 þ2.31
> þ3.00 23 þ4.44
Astigmatism (D)
0w -0.50 41 0.00
-0.75w -1.00 14 -0.75
< -1.00 62 -1.75
Astigmatic anisometropia (D)
0w -0.50 83 0.00
-0.75w -1.00 20 -1.00
< -1.00 14 -1.63
Anisometropia (D)
0w -0.50 76 -0.25
-0.75w -1.00 17 -0.875
< -1.00 24 -1.75
Spherical anisometropia (D)
0w -0.50 94 -0.25
-0.75w -1.00 10 -0.75
< -1.00 13 -2.00
Table 3
Summary of the stereoacuity by Titmus test among groups of different refractive
error. Data were analyzed by the nonparametric procedure of a Kruskal-Wallis test,
followed by a Dunnett test for two-pair comparisons. The factors of sphere and
spherical equivalent had a signiﬁcant effect in the Titmus test (p value < 0.01). We
also compared the subgroups in the sphere and spherical equivalent. The data in
subgroups (c and f) > þ3.00D showed the signiﬁcance.
Group Median/mean
rank (seconds
of arc)
p
Sphere (D) 0.00**
(a) þ0.25wþ1.50 50/52.37
(b) þ1.75wþ3.00 80/60.39 (a) V.S. (c)**
(c) > þ3.00 100/92.32 (b) V.S. (c)**
Spherical equivalent (D) 0.00**
(d) þ0.25wþ1.50 50/53.50
(e) þ1.75wþ3.00 50/55.51 (d) V.S. (f)**
(f) > þ3.00 100/77.63 (e) V.S. (f)*
Astigmatism (D) 0.90
0w -0.50 50/59.06
-0.75w -1.00 70/62.50
< -1.00 50/58.17
Astigmatic anisometropia (D) 0.44
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2.1. Participants
The study was held from August 2007 to August 2008. In total,
117 hyperopic children of both sexes were enrolled in this
prospective study, approved by an institutional review board, with
proper consent from the parents of each participant. We excluded
the patients with strabismus, amblyopia, nystagmus and ocular
disease such as congenital cataract, glaucoma, retinopathy of
prematurity, ocular trauma history, mental retardation or neuro-
logic disorder. After cycloplegic refraction with 2% cyclopentolate
eyedrops, best-corrected visual acuity (BCVA) was tested. We
excluded children with BCVA below 20/25. To eliminate the cases
with suppression, a Worth-4-Dot test was performed. Participants
with poor comprehension of the test were also excluded. The Tit-
mus test was performed by the same technician (Yi-Fang Lin). In the
test, we asked the patient to wear the polarized glasses. The test
was performed at a distance of 40 cm.We recorded the stereoacuity
in seconds of arc according to the result of the best distinguished
stereogram. It ranged from 40 to 3000 seconds of arc.
2.2. Statistical analysis
For analyzing the differences between the groups of refractive
error and the Titmus stereoacuity, we used the Kruskal-Wallis test.
A p value of < 0.05 was considered signiﬁcant. The Dunnett test for
two-pair comparisonswas applied in comparing the stereoacuity in
the subgroups of the refractive error. A linear regression test was
performed to evaluate the effects of the variables in the Titmus test.
3. Results
One hundred and seventeen children (51 boys and 66 girls, aged
4 to 13 years) were included in the study. The mean age was 7.32
years. The proﬁles of refractive error are summarized in Table 1. The
spherical equivalent was deﬁned as D of sphere plus D of astig-
matism/2. The spherical error and the spherical equivalent were
categorized into three groups: þ0.25wþ1.50 D, þ1.75wþ3.00 D,
and > þ3.00 D. The degree of astigmatism, anisometropia, spher-
ical anisometropia, and astigmatic anisometropia was also grouped
into 0w -0.50 D, -0.75w -1.00 D, and > -1.00 D. The distribution of
respective refractive components is shown in Table 2.
All the participants received the Titmus stereo test. The perfor-
mances of stereoacuity obtained by the Titmus test between the
clusters of each group divided by different refractive errors were
then compared. Table 3 listed the results of statistical analyses of
the stereoacuity by the test among the different groups of refractive
error.
A signiﬁcant correlation was noted between different groups of
spherical error, spherical equivalent, and stereoacuity by the Tit-
mus test, suggesting that a severity of hyperopia>þ3.00 D affected
stereopsis performance among school-aged children (Table 3). By
contrast, the degree of astigmatism or astigmatic anisometropiaTable 1
The proﬁle of the mean refractive errors of the participants.
Mean (diopter, D) Range (diopter, D)
Sphere þ1.48 1.30 þ0.25wþ6.50
Spherical equivalent þ2.09 1.54 þ0.25wþ7.06
Spherical anisometropia þ0.49 0.65 0wþ3.25
Anisometropia þ0.69 0.88 0wþ4.50
Astigmatism -1.22 1.04 0w -3.50
Astigmatic anisometropia -0.47 0.59 0w -3.00was not signiﬁcantly associated with reduced stereoacuity in this
study. No signiﬁcant correlation was found between groups of
anisometropia, spherical anisometropia, astigmatism, astigmatic
anisometropia, and stereoacuity in the Titmus test.
A linear regression test was performed in the Titmus test. The
results are summarized in Table 4, further conﬁrming only the
sphere and spherical equivalent were signiﬁcantly related to
decreased stereopsis by the Titmus test.0w -0.50 50/56.82
-0.75w -1.00 80/67.15
< -1.00 80/60.29
Anisometropia (D) 0.18
0w -0.50 50/55.29
-0.75w -1.00 80/61.15
< -1.00 80/69.23
Spherical anisometropia (D) 0.11
0w -0.50 50/56.50
-0.75w -1.00 70/59.45
< -1.00 100/76.73
* p< 0.05, ** p< 0.01.
Table 4
The effects of the variables in the Titmus test were analyzed
using linear regression test. A p value< 0.05 with 95% conﬁdence
intervals was considered statistically signiﬁcant.
p
Age 0.80
Sphere 0.00*
Spherical equivalent 0.00*
Astigmatism 0.32
Astigmatic anisometropia 0.49
Anisometropia 0.15
Spherical anisometropia 0.06
* p < 0.01.
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The association between hyperopia and poor stereopsis has
been found by previous studies.6, 7 In particular, if the esotropia
developed in the high hyperopia group, a few of them showed
stereopsis.8 We examined the refractive factors in the development
of stereoacuity. Spherical error or spherical equivalent > þ3.00 D
was associated with reduced stereoacuity in the Titmus test. Our
results were in accordance with those obtained by Gawecki and
Adamski, who found that almost complete loss of stereopsis was
noted in patients with spherical hypermetropia > þ3.00 D.9
Children with hyperopia are more frequently treated for
prevention of amblyopia. In this study, we found a signiﬁcantly
reduced stereoacuity in the hyperopic group > þ3.00 D. Children
with hyperopia>þ3.00 Dmay require refractive correction to help
the normal development of stereoacuity. However, no signiﬁcant
reduced stereoacuity was found in the group of spherical aniso-
metropia or astigmatic anisometropia. The statistical insigniﬁcance
is perhaps related to the limited case number and the design of
this study. Ljubica and Jelena reported more than half (57.8%) of
the amblyopia group were patients with strabismic (35%) and
ametropic (22.8%) amblyopia. Further, in patients with severe
amblyopia, esotropia or greater hyperopic astigmatism, impaired
stereopsis was noticeable.10 Anisometropia and astigmatic aniso-
metropiawere strongly related to amblyopia and strabismus in past
reports.11,12 However, we excluded children with amblyopia and
strabismus from this study, which were related to the impaired
stereopsis. We believe that the effect of anisometropia in reducing
stereopsis is greater in the general population.
The prevalence of hyperopia was reported to be from 12.8% to
38.0% in school-aged children in different countries.13e20 Because
hyperopia was associated with an increased risk of amblyopia and
strabismus, optical correction was usually suggested for children
with hyperopia > þ5.00D in the past.21 The ophthalmologists
would consider prescribing spectacles in non-strabismic children at
1, 3 and 5 years of age for hyperopia of þ4.50 D, þ3.00 D and þ2.50
D, respectively.22 In our study, we found hyperopia > þ3.00 D was
associated with impaired stereoacuity. Therefore, spectacle
prescription for hyperopia > þ3.00 D should be considered.
There are some limitations in this study. Firstly, the Titmus
stereo test is a contour test, which can be used in quantifyingstereoacuity, from 3000 to 40 seconds of arc. However, it may have
the disadvantage of monocular cue on low-grade tests. Secondly,
since we did not test the stereoacuity with the correcting glasses,
therefore, the performance of stereoacuity after refractive correc-
tion was unknown. Further study may help to identify the role
of wearing glasses in improving the normal development of
stereoacuity.
In summary, the Titmus stereo test revealed good quantiﬁcation
of stereoacuity. Hyperopia (> þ3.00 D) and spherical equivalent
(> þ3.00 D) were all associated with a signiﬁcantly reduced ster-
eoacuity in school-aged children.
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